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RE: Landfill and Resource Recovery, Inc. Superfund Site
Landfill Gas Flare Performance Monitoring

Dear Ms. Krasko:

Woodard & Curran has recently conducted Flare Performance Monitoring on behalf of the Landfill &
Resource Recovery (L&RR) Site Settling Defendants (the “Group”). The purpose of the monitoring is to
demonstrate that the flare emissions are compliant with the Rhode Island Air Pollution Control
Regulation No. 22, (APCR 22) Acceptable Ambient Levels (AALs) at the landfill boundary. This letter
provides the U.S. Environmental Protection Agency (USEPA) with the results of the testing and our
evaluation of the data obtained.

Background

An enclosed ground flare is used to treat landfill gas collected from the L&RR Landfill, North Smithfield,
Rhode Island. The flare’s performance is monitored as described in the Post Closure Operation and
Maintenance Plan, Section 6 (de-maximus inc., September 1995). This testing must be performed once
every five years, with performance testing previously occurring in 1995, 1999, 2004, and 2009. The
current performance testing described in this letter report occurred December 2014.

Landfill gas generation at the L&RR Landfill has declined since the flare’s initial installation. The gas
system is correspondingly managed to address the gas generation rate reduction and the lower
methane (CH4) content of the collected gas. To maintain a stable flare operation it is typical to have
eight to 12 of the 18 gas wells open for extraction of decomposition gas from the wastes. The gas
generation and the system’s operation were detailed in an August 14, 2014 letter to USEPA. In October
2014 a timer controlled on-off operation cycle of the flare was established to attain sustainable gas flow
and equilibrium operation as defined in the Post Closure Operations and Maintenance Plan (when
subsurface migration and landfill surface emissions are controlled, with minimal air intrusion into the
refuse, methane concentrations which do not continually degrade, and insignificant potential for
subsurface refuse fires).

Prior to 2009, condensate liquid from the gas collection pipe system was injected into the stack for
evaporation and destruction. This injection practice ceased more than five years ago and is no longer in
use at this Site. Therefore, the system condensate has no influence on flare emissions and condensate
testing is not included in this monitoring program.

Testing Program and Results

A Pretest Protocol, dated November 12, 2014, was developed by the emissions testing contractor, CEM
Services, and submitted by the Group to the USEPA for review. Following a question and response
period, the Pretest Protocol was accepted by USEPA.
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The performance tests were conducted December 2 and 3, 2014 in accordance with the approved
protocol. The testing and results appear in the enclosed CEM Services Landfill Resource and Recovery
Superfund Site Enclosed Ground Flare Five Year Compliance Test Program, December 2014, (Testing
Report). The Testing Report presents the testing methods, equipment, test results, and the quality
control procedures.

Destruction Efficiencies

Destruction efficiency (DE) is the percent change in pollutant mass flow rate, which is expressed by
load in pounds per hour (lb/hr), between the flare inlet prior to combustion and the stack outlet after
combustion. There is no mandated DE requirement for this Site; the calculation of DE is simply
informative. The flare’s DE is calculated in two ways.

 The first method is to calculate a DE for each test that includes a sample result from the inlet
and the outlet.

 The second method is to calculate an overall DE from the average of the individual test
efficiencies.

Volatile organic compounds (VOCs) were sampled in three separate runs using the TO-15/Method 18
tests on the flare inlet and outlet. Table 1 presents the DE for individual VOCs detected in these
samples; VOC’s below detection limits at the inlet do not appear on Table 1. The parameter
concentrations were converted to lb/hr and the concentration-based and load-based DEs were
computed for each detected VOC. In instances where the VOC was detected at the inlet but reported
non-detected on the outlet, the DE was computed using the detection limit.

Similarly, the Total Gaseous Non-Methane Organics (TGNMO) were sampled using test Method 25 for
three separate runs on the flare inlet and outlet streams. Test Method 25 measures TGNMO
concentrations by oxidizing the TGNMO portion of the gas stream to carbon dioxide (CO2), reducing the
CO2 to CH4, and measuring CH4 using a flame ionization detector on an “as carbon” basis. The Method
25 DE can be calculated using the measured inlet and outlet TGNMO concentrations or based on
calculated inlet and outlet mass flow rates. DE calculations for the TGNMO appear in the Test Report,
Appendix C. The calculated DE’s for TGNMO based on measured concentrations are 91.4%, 93.5%,
and 82.2% for Run 1, Run 2, and Run 3, respectively. The calculated DE’s for TGNMO based on
calculated mass flow rates are -1.7%, 19.0% and -102.1% for Run 1, Run 2, and Run 3, respectively.

The negative DE values based on mass emission exemplify issues that exist with the Method 25
measure of TGNMO. The method is sensitive to water moisture and CO2, both of which are present in
this landfill’s gas. The method also expresses result in concentration that is converted on a CH4 basis.
Applying a VOC-to-carbon weight ratio for the mixture of compounds in the sample stream, if that ratio
were known, would produce a more accurate mass concentration. Any error in the mass concentration
is then amplified in the DE calculation by the large flow rate difference between inlet and outlet.

Compliance with RIDEM Air Pollution Control Regulation No. 22 (APCR 22) Standards

The primary basis for demonstrating flare emission compliance is APCR 22 AALs. The AAL standards
for nine target compounds identified in the Post Closure Operation and Maintenance Plan are
referenced to an earlier version of the APCR 22. In the time since this Plan was developed, APCR 22
has expanded considerably with regard to the number of pollutants that are considered air toxics.
Therefore, to ensure the public is adequately protected, all air toxics detected during the December
2014 stack test were compared to the AALs in the current version of APCR 22, dated October 9, 2008.
In conducting this comparison, the following steps were followed:
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1. Compare stack emissions to AALs/adjusted AALs. If stack emission are below the AALs, it is
assumed that emissions at the property line would also be below the AALs and no additional
analysis is necessary. This data is presented in Tables 2 and 3 as follows:

- Table 2 presents the one-hour emission rates for each air toxic detected during the
December 2014 stack test, averages the data, and converts the hourly measure to 24-
hour and annual emission rates determined using the scaling factors in the Rhode Island
Air Dispersion Modeling Guidelines for Stationary Sources, or the Rhode Island
Department of Environmental Management (RIDEM) Modeling Guidelines.

- Table 3 compares the one-hour, 24-hour, and annual emission rates to the APCR 22
AALs, which are based on continuous exposure (8,760 hours/year). Furthermore, an
adjusted AAL which accounts for limited exposure (2,080 hours/year) was determined and
used for comparison to stack emission. Per Section 5.9 of the RIDEM Modeling
Guidelines, adjusted AALs may be used with RIDEM approval, if public exposure to the
Site is limited.

Step 1 (Tables 2 and 3) show that stack emissions for 11 constituents exceed the adjusted
AALs. Additional analysis is required for these 11 constituents (see Step 2, below). However,
all other constituents are considered to meet the AALs at the stack and do not require further
analysis for impact at the property line distant from the stack.

2. Predict impacts for constituents with stack emissions above the adjusted AALs. Predicted
impacts, in micrograms per cubic meter (µg/m3) were determined for the 11 constituents that
had stack emissions above the adjusted AAL. To determine the predicted impacts, the unit
impact (µg/m3 per g/s) determined during the 2005 screen modeling was applied to the g/s
emission rate for each applicable constituent. Table 4 presents the g/s emission rates and
compares the predicted one-hour, 24-hour, and annual impacts to the respective AALs.

Step 2 (Table 4) demonstrates that the predicted impacts for the 11 constituents identified in
Step 1 meet the AALs and do not require further analysis.

Summary

A comprehensive Flare Performance Monitoring program was conducted in December 2014. The
program and results appear in the Test Report by CEM Services. The data from the testing program
was used to compute destruction efficiencies for the flare and to demonstrate that the APCR 22 AALs
will be met. Based on our analysis, air emissions from the flare at the L&RR Site meet applicable air
pollution control requirements and the current system is deemed adequately protective of the public.
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Please let me know if you have any questions or need any additional information. We look forward to
your response and concurrence regarding the recommendations in this letter.

Sincerely,

WOODARD & CURRAN

Alan Benevides, P.E.
Senior Vice President

Attachments: Testing Report, CEM Services
Table 1 – Destruction Efficiencies
Table 2 – Emission Rates, lb/hr
Table 3 – Emission Rates, µg/m3 vs. Acceptable Ambient Levels
Table 4 – Predicted Impact with 2005 Modeling

cc: Paul Kulpa, RIDEM
David Moreira, Waste Management
Roy Giarrusso, Giarrusso Norton Cooley & McGlone, PC
Angela Knight, Corning Incorporated
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1.  INTRODUCTION 
 
Woodard & Curran operates the combined landfill gas collection and treatment facility for the 
Landfill and Resource Recovery (L&RR) Superfund site in North Smithfield, Rhode Island.  The site 
utilizes an enclosed ground flare for destruction of volatile organic compounds (VOC’s) and other air 
toxics.  As part of the operation and maintenance for the facility, compliance with Rhode Island Air 
Toxics (RIAT) Regulation No. 22 for Acceptable Ambient Levels (AAL) must be demonstrated every 
five years.  Woodard & Curran has retained CEMServices of Norton, Massachusetts to conduct the 
compliance program for the 2014 schedule (flare was last tested during the week of December 1, 
2009).   
 
The purpose of this test program is to demonstrate that the enclosed flare continues to meet the 
emission limits outlined in Section 6 of the Post-Closure Operation and Maintenance Plan for the 
L&RR sited dated September, 1996.  As per this plan, testing was performed at the inlet and outlet 
of the flare to demonstrate destruction efficiency of VOC’s, specifically total non-methane organic 
compounds (TNMOC), as well at outlet testing to quantify emissions of NOx, CO, SO2, HCL, 
PCDD, PCDF, PCB’s and other VOC air toxics (per TO-15).  Table 1-1 below indicates the air 
contaminants tested, the test methodologies, and the test run lengths used during the emissions 
test program.  Three runs were performed for all parameters.  All test data was reported in units of 
each applicable emission limit and all testing was conducted in strict accordance with these 
methods. 
 

TABLE 1-1 COMPLIANCE PROGRAM OVERVIEW 
 

Constituents/Locations Test Methods Test Run Length 
Volumetric Flow / (Inlet and Outlet) EPA Test Methods 1-2 60-180 Minutes 

Oxygen (O2)/Carbon Dioxde (CO2) / (Outlet) EPA Test Method 3A 60 Minutes 
Moisture / (Inlet and Outlet) EPA Test Method 4 60-180 Minutes 

Sulfur Dioxide (SO2) / (Outlet) EPA Test Method 6C 60 Minutes 
Nitrogen Oxides (NOx) / (Outlet) EPA Test Method 7E 60 Minutes 
Carbon Monoxide (CO) / (Outlet) EPA Test Method 10 60 Minutes 

PCDD, PCDF and PCB’s / (Outlet) 
(Total 2,3,7,8, TCDD Equivalents) EPA Test Method 23 180 Minutes 

Total Non-Methane Organic Compounds 
(TNMOC) / (Inlet and Outlet) EPA Test Method 25 60 Minutes 

Hydrogen Chloride (HCL) / (Outlet) EPA Test Method 26A 60 Minutes 
Volatile Organic Compounds (VOC’s) 

 (Inlet and Outlet) TO-15 (EPA Method 18) 60-120 Minutes 

 
 
The data from testing was used to compute emission rates. Table 1-2 below indicates the air 
contaminants, units of measure, and procedure to calculate emission rates. 
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TABLE 1-2 POLLUTANTS AND EMISSION LIMITS 
 

Constituents Emission Rate Units Procedure 

Volumetric Flow Rate of stack dry cubic feet per minute EPA Method 1-2 

SO2, NOx, CO, pounds per hour Flow rate and average of 3 runs 

PCDD, PCDF and PCB’s pounds per hour Flow rate and average of 3 runs, 
compare to RI APCR 22 AALs 

HCL pounds per hour Average of 3 runs, compare to RI 
APCR 22 AALs 

TNMOC ug/m³ Average of 3 runs 

Target VOCs  ug/m³ Average of 3 runs, compare to RI 
APCR 22 AALs where applicable 

 
Sean MacKay of CEMServices was the Project Director for this test program.  He was assisted in 
the field by Jim Jardin, Chris Parrot, and Matt Coulombe also of CEMServices. Woodard & Curran 
personnel were responsible for process operation and recording all relevant process parameters 
during all compliance testing.     
 
CEMServices used Maxxam Analytical for the analysis of HCL, PCDD/PCDF, PCB and TO-15 
samples collected during this test program.  Triangle Laboratory Services was used for the analysis 
of TNMOC (Method 25).  The program took place during the week of December 1st, 2014.  
Contact information is presented below. 
 

TABLE 1-3 PROJECT CONTACT INFORMATION 
 

COMPANY PURPOSE CONTACT 

Woodard & Curran O&M Paul Porada, PE 
(207) 774-2112 x3242 

CEMServices Stack Testing Sean MacKay, QSTI 
(508) 958-4387 
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2.  SUMMARY OF RESULTS 
 

 
TABLE 2-1 – TEST MATRIX TIMELINE 

 
DATE TIME TEST 

12/2/2014 11:13-14:25 PCDD/PCDF/PCB - 1 
12/2/2014 15:08-1814 PCDD/PCDF/PCB - 2 
12/3/2014 09:00-12:15 PCDD/PCDF/PCB - 3 
12/2/2014 12:13-13:27 HCL - 1 
12/2/2014 16:08-17:04 HCL - 2 
12/3/2014 12:45-13:48 HCL - 3 
12/2/2014 10:55-11:55 TGNMOC - 1 
12/2/2014 13:05-14:05 TGNMOC - 2 
12/2/2014 15:30-16:30 TGNMOC - 3 
12/3/2014 09:00-10:40 TO-15 (VOC) - 1 
12/3/2014 10:45-12:20 TO-15 (VOC) - 2 
12/3/2014 12:25-14:35 TO-15 (VOC) - 3 
12/3/2014 09:00-10:00 NOx, CO, SO2 - 1 
12/3/2014 10:15-11:15 NOx, CO, SO2 - 2 
12/3/2014 11:25-12:25 NOx, CO, SO2 - 3 

 
 

TABLE 2-2 – HCL SUMMARY OF RESULTS 
 
 

Constituents Units Run 1 Run 2 Run 3 Average 
Date  12/2/14 12/2/14 12/3/14  
Time  1213-1327 1608-1704 1250-1400  
O2 % 16.16 16.17 16.29 16.21 

Moisture % 4.4 5.3 5.0 4.9 
Stack Temperature Deg. F 853 890 886 876 

HCL PPM 0.50 0.48 0.60 0.53 
LB/HR 0.02 0.01 0.02 0.02 

 
 

TABLE 2-3 – NOx, CO, SO2 SUMMARY OF RESULTS 
 
 

Constituents Units Run 1 Run 2 Run 3 Average 
Date  12/3/14 12/3/14 12/3/14  
Time  0900-1000 1015-1115 1125-1225  
O2 % 16.25 16.25 16.28 16.26 

Moisture % 4.8 4.8 4.8 4.8 
Stack Temperature Deg. F 899 899 899 899 

NOx PPM 2.38 2.42 2.29 2.36 
LB/HR 0.09 0.09 0.09 0.09 

CO PPM 875.80 865.20 866.60 869.2 
LB/HR 20.54 20.29 20.33 20.39 

SO2 PPM 0.00 0.00 0.15 0.05 
LB/HR 0.00 0.00 0.01 0.00 
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2. SUMMARY OF RESULTS (Continued) 
 

TABLE 2-4 – PCDD/PCDF/PCB SUMMARY OF RESULTS 
 
 

Constituents Units Run 1 Run 2 Run 3 Average 
Date  12/2/14 12/2/14 12/3/14  
Time  1113-1425 1508-1814 0900-1215  
O2 % 16.16 16.17 16.26 16.20 

Moisture % 3.9 3.8 4.8 4.2 
Stack Temperature Deg. F 848 903 899 883 

TOTAL 
PCDD/PCDF 

NG 0.291 0.068 2.313 0.891 
NG/DSCM 0.105 0.024 0.755 0.295 

NG/DSCM@7%O2 0.309 0.073 2.261 0.881 
LB/HR 2.22E-9 5.13E-10 1.51E-8 5.94E-9 

TOTAL 
PCDD/PCDF 

*(toxicity) 

NG 0.011 0.011 0.028 0.017 
NG/DSCM 0.004 0.004 0.009 0.007 

NG/DSCM@7%O2 0.011 0.011 0.028 0.017 
LB/HR 8.02E-11 2.27E-14 1.86E-10 8.87E-11 

PCB 
NG 167.248 132.482 1741.560 680.430 

NG/DSCM 60.553 47.293 568.221 225.356 
NG/DSCM@7%O2 177.570 138.98 1702.214 672.921 

 
*(toxicity) – is the sum of total toxic equivalency (teq) values for the cogeners tested.  These teq’s 
are based on the 2005 World Health Organization (WHO), Human and Mammalian toxic 
equivalency factors for dioxins and dioxin like compounds. 
 

TABLE 2-5 – TGNMOC SUMMARY OF RESULTS 
 

Location Units Run 1 Run 2 Run 3 Average 
Date  12/2/14 12/2/14 12/2/14  
Time  1055-1155 1305-1405 1530-1630  
Inlet PPM 1195 1328 1314 1279 

Oultet PPM 100 86 234 140 
 Destruction Eff. % 91.6 93.5 82.2 89.1 

Inlet MG/M3 597 663 656 639 
Oultet MG/M3 50 43 117 70 

 Destruction Eff. % 91.6 93.5 82.2 89.1 
Inlet LB/HR 1.38 1.49 1.63 1.50 

Oultet LB/HR 1.41 1.21 3.30 1.97 
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2. SUMMARY OF RESULTS (Continued) 
 

TABLE 2-6 – TO-15 VOC SUMMARY OF RESULTS 
 

COMPOUND Units INLET 
RUN 1 

OUTLET 
RUN 1 

INLET 
RUN 2 

OUTLET 
RUN 2 

INLET 
RUN 3 

OUTLET 
RUN 3 

INLET 
AVG 

OUTLET 
AVG 

Dichlorodifluoromethane (FREON 12) ug/m3 593 17.8 595 18.8 683 17 624 18 
1,2-Dichlorotetrafluoroethane ug/m3 846 22.0 850 22.9 975 24.2 890 23 

Chloromethane ug/m3 129 15.7 ND 12.7 ND 8.52 ND 12 
Vinyl Chloride ug/m3 2240 45.1 2280 51.3 2730 60.7 2417 52 
Chloroethane ug/m3 314 14.2 295 15 351 1.2 320 10 
1,3-Butadiene ug/m3 ND 52.8 ND 44.7 ND 38.8 ND 45 

Acetone (2-Propanone) ug/m3 16000 6493 12000 817 12667 103 13556 2471 
Methyl Ethyl Ketone (2-Butanone) ug/m3 12667 167 ND ND ND ND ND ND 

cis-1,2-Dichloroethylene ug/m3 2190 35.4 2120 39 2670 52.8 2327 42 
Chloroform ug/m3 ND 17.3 ND 19.2 ND ND ND ND 

1,1-Dichloroethane ug/m3 717 14.6 772 54 933 0.809 807 23 
Trichloroethylene ug/m3 374 29 422 30.6 476 10.9 424 24 

Tetrachloroethylene ug/m3 632 24.4 622 25.8 748 20.1 667 23 
Benzene ug/m3 7840 329 7450 361 8940 523 8077 404 
Toluene ug/m3 136200 5900 105267 5360 136000 2124 125822 4461 

Ethylbenzene ug/m3 34767 380 33593 257 42500 388 36953 342 
p+m-Xylene ug/m3 60233 466 58433 466 73833 398 64166 443 

o-Xylene ug/m3 14900 114 14900 284 18177 101 15992 166 
Styrene ug/m3 441 22.2 405 17.3 514 36.6 453 25 

4-ethyltoluene ug/m3 ND ND 1980 205 2540 10.8 ND ND 
1,3,5-Trimethylbenzene ug/m3 2580 44.2 2530 46.7 3200 5.53 2770 32 
1,2,4-Trimethylbenzene ug/m3 4910 44.2 4820 46.7 6260 3.42 5330 31 

Chlorobenzene ug/m3 1210 24.5 1220 27.8 1590 46.9 1340 33 
1,4-Dichlorobenzene ug/m3 1080 43.3 1060 45.7 1430 63.4 1190 51 

Hexane ug/m3 8830 188 7140 233 9180 116 8383 179 
Heptane ug/m3 4980 59.3 4680 60.9 5710 77.4 5123 66 

Cyclohexane ug/m3 3610 49.6 3410 46.4 4150 51.3 3723 49 
Total Xylenes ug/m3 72300 580 70800 360 89600 485 77567 475 

Propene ug/m3 8160 749 7760 759 9300 1110 8407 873 
2,2,4-Trimethylpentane ug/m3 490 16.8 366 17.8 480 6.89 445 14 

 
Note – A complete list of all TO-15 VOC results is presented in Appendix E.  The compounds 
shown above were the ones that were above the detection limit.  The TO-15 train consisted of a 
mini impinger with 20 ml of water before the canister to knock out any moisture.  The values in the 
above table are the addition of the concentrations found in air and water (if above detection limit).  
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3.  FACILITY DESCRIPTION 
 

3.1 Process Description 
 

Woodard & Curran operates the combined landfill gas collection and treatment facility for the 
Landfill and Resource Recovery (L&RR) Superfund site in North Smithfield, Rhode Island.  The 
site utilizes an enclosed ground flare for destruction of volatile organic compounds (VOC’s) and 
other air toxics.  The operating temperature is in the range of 1500oF – 1,700oF. 
 
The treatment process consists of two, three-stage centrifugal blowers equipped with a 20-
horsepower motors (3,525 revolutions per minute), conveying the Landfill Gas (LFG) into an 
enclosed ground flare (John Zinc Co., Model ZTOF).  The flare is six feet in diameter and forty 
feet tall.  The flare is configured with automatic combustion dampers, a stack thermocouple, 
and ultraviolet flame scanner, and a flame failure detection and automatic shutdown control, 
and includes a flame arrestor in the inlet supply line.  An automatic purge and ignition system 
includes a propane pilot assembly and an electronic ignition.  The propane pilot system shuts off 
after combustion is supported by the LFG.  The flare is designed to provide a maximum firing 
rate of 28.7 MMBtu/hr at an LFG input rate of 1,050 CFM.   
  
The flow and energy content of the L&RR Landfill gas has been in decline. A decline in gas is 
expected following closure of a landfill. The monthly monitoring conducted in 2014 finds 
methane content of landfill gas supplied to the flare typically in the 25% to 35% by volume 
range, and flow rate of 380 CFM to 450 CFM. As of November 2014 the combustion flare is 
operating on a timer controlled on-off cycle to address the gas generation decline.  
 
3.2 Sample Locations 

 
The inlet sample location is a circular pipe with an inside diameter of approximately 8 inches.  
The flow sampling ports are located approximately 30 inches downstream (3.8 duct diameters) 
and 54 inches upstream (6.8 duct diameters) of the nearest flow disturbance.  The pollutant 
sample port is located 16 inches (2.0 duct diameters) upstream from the flow port.  Inlet 
pollutant sampling was performed at a centrally located point in the duct. 
 
The outlet sample location is located on a test platform about 40 feet above ground level.  The 
inside stack diameter at the sampling port location is 67.5 inches.  4 test ports are located on a 
horizontal plane 90 degrees apart from each other.  The ports are 452 inches downstream (6.7 
diameters) and 35 inches upstream (0.5 duct diameters) from flow disturbances. 
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3. FACILITY DESCRIPTION (continued) 
 

 
 
 
 
 
 
 35 “ 
 
 
 
 
                  
 
                   
 452” 
 
 
 
 
                               Inlet sample    Inlet flow   
 
 
 
Inlet  8” 
 
 
 
 
 
 
 
 
 
 
 
 
 
Stack Height Above Grade - 40 feet 
Stack Inside Diameter at Test Port – 5.625 feet (67.5 inches) 
 
Outlet Disturbance Distances  
  1. Above Grade 40 feet 
 2. Above Last Disturbance (duct change to test ports, aka distance downstream)  
  A. Feet – 37.7 feet (452 inches) 
  B. Stack Diameters – 6.7 
 3. Prior to Stack Exit (test ports to stack exit, aka distance upstream)  
  A. Feet –  2.9 feet (35 inches) 
  B. Stack Diameters – 0.5 
 
Inlet Disturbance Distances  
 1. Above Last Disturbance (duct change to test ports, aka distance downstream)  
  A. Feet  - 2.5 (30 inches) 
  B. Stack Diameters – 3.8 
 3. Prior to Stack Entrance (test ports to stack entrance, aka distance upstream)  
  A. Feet –  4.5 feet (54 inches) 
  B. Stack Diameters – 6.8 
 

67.5 “ diameter 

Top of stack approx. 40’ 
above grade 

EPA test ports (37) ’ 

Figure 3-1 
L&RR LFG Flare 

Sample Port Locations 
Inlet and Outlet 

 
Figure not drawn to scale 
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4.  REFERENCE METHOD TEST PROCEDURES 
 

4.1 Velocity Traverse - EPA Reference Method 1 
 

EPA Reference Method 1 procedures delineate velocity traverses for stationary sources.  
As based upon EPA Method 1 criteria, a total of sixteen (16) traverse points, eight (8) 
points using two (2) available test ports, were used for all traverses and volumetric flow 
rate determinations at the inlet and outlet sample locations.   
 
The probes were marked according to the measurements in Tables 4-1 and 4-2. 

 
TABLE 4-1 TRAVERSE POINT LOCATIONS – FLARE OUTLET  

 
Traverse Point Distance 

(% Diameter) 
Distance from Wall 

 (inches) 
1 3.2 1.9 
2 10.5 6.3 
3 19.4 11.6 
4 32.3 19.4 
5 67.7 40.6 
6 80.6 48.4 
7 89.5 53.7 
8 96.8 58.1 

 
TABLE 4-2 TRAVERSE POINT LOCATIONS – FLARE INLET 

 

Traverse Point Distance 
(% Diameter) 

Distance from Wall 
 (inches) 

1 3.2 0.5 
2 10.5 0.8 
3 19.4 1.6 
4 32.3 2.6 
5 67.7 5.4 
6 80.6 6.4 
7 89.5 7.2 
8 96.8 7.7 

 
The pitots were connected to a manometer using 1/8 inch ID Tygon tubing.  These 
connections are checked for leaks before they are initially used and at the conclusion of 
each run.  The inlet location also contains a thermal mass meter for measuring volumetric 
flow.  This meter was used for inlet flow determinations.   
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4. REFERENCE METHOD TEST PROCEDURES (continued) 
 
4.2 Volumetric Flow Rate - EPA Reference Method 2 

 
EPA Reference Method 2 was used for the determination of stack gas velocity and 
volumetric flow rate.  Before the velocity traverse is started, a leak check was conducted 
on the pitots, and the manometer was leveled.  The velocity head and stack gas 
temperature were recorded for each of the required sampling points.  Simultaneous gas 
density (Reference Method 3A) and stack gas moisture content (Reference Method 4) 
testing were conducted during every test run.  Each test run’s length corresponded with the 
concurrent testing.  All pitots used in this program were visually inspected and assigned a 
pitot coefficient of 0.84 

  
4.3 Nitrogen Oxides (NOx) and CEMS Calibration Procedures - EPA Reference 
Method 7E 

 
EPA Reference Method 7E is used for the determination of Nitrogen Oxides emissions 
from stationary sources using instrumental analyzer procedures.  In addition, all calibration 
procedures and requirements for the other instrumentation methods used, EPA Reference 
Methods 3A, 6C, and 10 are specified in this method. 
 
Before any testing is conducted, the calibration span of all test analyzers was set up so 
that expected source emissions were at least twenty (20) percent of this span and would 
not exceed this span.  Once this span is determined, calibration gases were chosen within 
this span.  Only gases prepared according to EPA Protocol G1/G2 were used.  Certificates 
of analysis for all gases were provided on-site at the time of testing.  Analyzer calibration 
error checks were then conducted by challenging each analyzer with a zero, mid, and high 
gas.  The actual value of the high gas used was the calibration span of each analyzer.  
Analyzer responses to these gases were within two (2) percent of the instrument's span or 
within 0.5 PPM of the gas value. Before and after each test run a sampling system bias 
check was conducted on each monitor.   

 
This check consisted of introducing the calibration gases at the sampling probe thus 
allowing the gases to travel through the entire sampling system including any filters.  The 
analyzer responses to this check were then recorded by the data acquisition system.  All 
system bias check responses were within five (5) percent of the instruments span or within 
0.5 PPM, when compared to the analyzer calibration error check conducted initially.  The 
sampling system bias check conducted prior to each test run was compared to the 
sampling system bias check conducted at the completion of that same run. 
 
Differences between the two bias checks constitute the upscale and zero calibration drifts.  
All calculated calibration drifts were below three (3) percent of the span of the analyzer or 
within 0.5 PPM.  Once the initial system bias check was conducted the system was put into 
the sample mode and data acquisition was initiated.  The probe was positioned at the first 
of the required traverse points determined by the stratification check.   
 
To ensure that the NH3 in the stack gas (if applicable) was not converted to NO, 
CEMServices utilized a Model 300 Molybdenum converter.  The Molybdenum converter is 
used to convert NOx to NO at a lower temperature (approx. 350 OC) specific to NOx, thus 
eliminating the conversion of NH3. 
 
A Thermo Environmental Model 42 NOx/NO2/NO analyzer was used to continuously 
measure the concentration of NOx in the effluent gas.  The analytical technique of the 
analyzer is chemiluminescence.  In the determination of NOx, the sample is routed through 
a molybdenum converter where the NO2 is disassociated to form NO.  The sample is then 
passed through a reaction chamber where the NO is quantitatively converted to NO2 by  

9 



L&RR Landfill Enclosed Flare  
Five Year Compliance Test Program                                                                         December, 2014 

4. REFERENCE METHOD TEST PROCEDURES (continued) 
 
gas phase oxidation with molecular ozone produced within the analyzer.  In this reaction, 
the NO2 molecules are elevated to an electronically excited state, and then immediately 
reverted to a non-excited ground state.  This reversion is accompanied by the emission of 
photons, which impinge on a photomultiplier detector and generate a low level DC current.  
The current is then amplified and used to drive a front panel LED display and data 
recorder.  The NOx concentration measured by the instrument includes the contributions of 
both the NO in the effluent and the NO resulting from the dissociation of NO2.  The 
efficiency of this converter was checked prior to testing using the procedure specified in 
Section 8.2.4.1 of this Method.   
 
A STRATA data shuttle documented voltage output from each monitor.  This instrument 
sends all signals via a RS-232 cable to a computer for data archiving.  Data points were 
logged every two (2) seconds during each test run.  At the test run completion, data was 
transferred to a spreadsheet for determination of the raw run average.  This data is 
included in this final report. Results from the initial and final system bias checks were used 
to adjust the raw run average to correct it for any deviations due to the system bias. 
 
Before any reference method CEM test data is taken, a CEM stratification check was 
conducted to ensure that there is no stratification at the stack test location.  Stratification is 
defined as a difference between the average concentration of the stack and the 
concentration at any other point.  To quantify the stratification, CEMServices conducted a 
CEM traverse using the 12 points used in the flow traverse as specified in Method 1.  Each 
point was sampled for twice the response time of the system.  The facility load was used 
as a reference point to ensure process changes haven't occurred during the time needed 
to conduct the traverse.   

 
4.4 Oxygen (O2) and Carbon Dioxide (CO2) - EPA Reference Method 3A 

 
EPA Reference Method 3A is used for the determination of Oxygen and Carbon Dioxide 
emissions from stationary sources using instrumental analyzer procedures.  All calibration 
procedures and requirements for this instrumentation method are identical to those found 
in EPA Reference Method 7E.  O2 content in the effluent was determined by a California 
Analytical Model 100 monitor, which utilizes a micro-fuel cell that consumes O2 from the 
atmosphere surrounding the measurement probe.  The consumption of O2 generates a 
proportional electrical current.  This current is then amplified and provides a signal output 
of 0-1 V DC, which corresponds to a full-scale range of 0-25 % O2. A California Analytical 
Model 100 non-dispersive infrared analyzer is used to continuously measure the CO2 

concentration in the effluent.  The theory of operation for this analyzer is based on the 
principle that CO2 has a unique absorption line spectrum in the infrared region.  The 
instrument consists of an infrared light source, a chopper, a measurement cell, and a 
detector.  The infrared light beam emitted by the source passes through the measuring 
cell, which is filled with a continuously flowing gas sample.  The light beam is partially 
absorbed or attenuated by the gas species of interest in this cell before reaching the front 
chamber of the detector.  Both the front and rear chambers of the sealed detector are filled 
with a reference gas.  The difference in the amount of light absorbed between the front and 
rear chambers are dependent of the concentration of the gas species of interest within the 
sample measurement cell.  A pressure differential is thus created between the two 
chambers.  This pressure difference is then observed as gas flow by the micro-flow sensor 
located in a channel connecting the two chambers.  The resulting AC signal from the 
micro-flow sensor is rectified, amplified, and linearized into a DC voltage signal for output. 
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4. REFERENCE METHOD TEST PROCEDURES (continued) 
 
4.5 Sulfur Dioxide (SO2) - EPA Reference Method 6C 

 
EPA Reference Method 6C is used for the determination of sulfur dioxide emissions from 
stationary sources using instrumental analyzer procedures.  All calibration procedures and 
requirements for this instrumentation method are identical to those found in EPA Reference 
Method 7E.  A Western Research Series 921 was used during this test program.  The 921 
is a UV based dual beam dual wavelength analyzer.  
 

 
4.6 Carbon Monoxide (CO) - EPA Reference Method 10 
 
EPA Reference Method 10 is used for the determination of Carbon Monoxide emissions 
from stationary sources using instrumental analyzer procedures.  All calibration procedures 
and requirements for this instrumentation method are identical to those found in EPA 
Reference Method 7E. A Thermo Environmental Model 48 Gas Filter Correlation (GFC) 
analyzer is used to continuously sample the CO concentrations in the gas stream.  GFC 
spectroscopy is based on the comparison of the infrared (IR) absorption spectrum of the 
measured gas to that of other gases in the sample being analyzed.  This technique is 
implemented by using a high concentration sample of the measured gas (i.e. CO) as a filter 
for the infrared radiation transmitted through the analyzer.  
 
Radiation from an IR source is chopped and passed through a gas filter alternating between 
CO and N2 due to rotation of the filter wheel.  The radiation then passes through an 
interference filter and on to an absorption cell.   
 
The IR radiation exits the sample cell and falls on to an IR detector.  The CO gas filter 
produces a reference beam which cannot be further attenuated by CO in the sample cell.  
The N2 side of the filter wheel is transparent to the IR radiation and thus produces a 
measure beam which is partially absorbed by CO in the cell.  The chopped detector signal is 
modulated by the alternation between the two gas filters with is amplified and related to the 
concentration of CO in the sample cell.  Other gases, which absorb the reference and 
measure beams equally, do not cause modulation of the detector signal leaving the GFC 
responding specifically to CO.  An interference response check was conducted on the CO 
analyzer prior to testing. 
 
4.7 Moisture Content - EPA Reference Method 4 

 
EPA Reference Method 4 is used for the determination of moisture content in stack gas.  
This method consists of extracting a known volume of gas sample and quantifying the 
removed moisture portion of this sample.  Moisture content was determined from each 
corresponding test run. 
 
Before each test run the impingers used to remove condensate from the gas were 
prepared according to each specific method.  Impingers were loaded according to each 
method.  The sampling train was then assembled and the sampling probe heated.  The 
train was checked for leaks by plugging the sample inlet and challenging the train with a 
vacuum of 15 inches of Hg.  All leak rates were below 0.02 CFM. The initial meter volume 
was recorded and the probe was positioned at the first traverse point.  Sampling was 
conducted isokinetically for each run when required.  At the completion of each test run the 
final meter volume was recorded and another leak check was conducted.  The impingers 
were recovered and their final volumes recorded. 
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4. REFERENCE METHOD TEST PROCEDURES (continued) 
 

4.8 Hydrogen Chloride - EPA Reference Method 26A 
 

EPA Reference Method 26A was used for the determination of HCL.  Sampling of the flare 
outlet consisted of three (3), one (1) hour test runs.  Before each test run, the impingers 
used to remove condensate from the gas were prepared.  A total of four impingers were 
loaded according to the method (modified Greenburg Smith, Greenburg Smith, modified 
Greenburg Smith, and modified Greenburg Smith).  The first two impingers were each 
loaded with 100 ml of 0.1 N sulfuric acid solution. Inserting a desiccated tared filter into the 
glass filter holder assembled the remainder of the sample train.  The filter holder is then 
placed into the hotbox and the sample probe and nozzle are attached.  The hotbox and 
sample probe were heated to approximately 248 OF.  Prior the start of each run a leak 
check was performed from the end of the nozzle at a vacuum of 15 inches of mercury. 
 
The run was then initiated and isokinetic sampling took place. The entire stack was 
traversed according to the sample points specified in Method 1.  3.75 minute readings 
were taken during the one hour test run.  At the conclusion of the test a post leak check 
was conducted at the highest vacuum obtained during the run and the sample train was 
moved to the cleanup site where it was recovered in strict accordance with EPA Reference 
26A sample recovery procedures as follows:   
 
Container #1.  The filter was carefully removed from the filter holder and placed in it's 
identified petri dish container. 
 
Container #2.  Taking care to see that dust on the outside of the probe or other exterior 
surfaces did not get into the sample, particulate matter from the nozzle, probe liner and 
front half of the filter holder were quantitatively recovered by washing these components 
with acetone into a glass or Nalgene container.  The inside of each component was 
brushed and rinsed until the acetone rinse showed no visible particles, after which a final 
rinse of the inside surface was performed.   
 
Container #3 (impinger contents for Hydrogen Chloride (HCl):  The solution in the 
impingers were measured using a clean graduated cylinder and the volumes recorded.  
Each impinger and all connecting glassware were rinsed twice with DIUF and all contents 
were transferred to a clean sample bottle. 
 
Sample analysis was performed by ion chromatography by Maxxam Analytical. 
 
4.9 Dioxins / Furans /PCB’s – EPA Reference Method 23 
 
Dioxin and Furan and PCB emissions were determined in strict accordance with EPA 
Reference Method 23.  The stack sample is withdrawn isokinetically from the source.  The 
test series consisted of three (3) – three (3) hour test runs.  The sample train is a modified 
EPA Reference Method 5 train with the addition of a coiled glass condenser and a spiked 
trap.  The particulate emissions of the sample were collected in the nozzle, probe, and 
heated filter.  The gaseous emissions were collected in the condenser, XAD-2 resin trap, 
and prepared impingers. The XAD traps used for Method 23 were spiked with PCB 
surrogates prior to sampling.  A field blank was taken onsite and analyzed with the run 
samples. 
 
Prior to mobilization, all sorbent traps and XAD-2 resin were pre-cleaned in accordance 
with the method at Maxxam. Traps were packed with the XAD-2 resin and shipped just 
prior to mobilization into the field. The traps were kept in a cooler, on ice, from delivery to 
CEMServices through field-testing and return to the laboratory. 
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4. REFERENCE METHOD TEST PROCEDURES (continued) 
 
Prior to mobilization, all glassware and Teflon train components were rinsed three times 
with HPLC grade acetone, HPLC grade methylene chloride, and HPLC grade toluene, and 
allowed to dry. All prepared components were sealed with hexane-rinsed aluminum foil.  All 
quartz glass fiber filters were rinsed with HPLC grade hexane, allowed to dry on hexane 
rinsed foil, and stored in a hexane-rinsed petri dish and wrapped in rinsed foil. All recovery 
tools, including Teflon-coated spatulas and forceps, Teflon dispenser bottles and Teflon 
recovery materials were also hexane-rinsed. Cotton gloves were worn during all 
preparation and recovery procedures. 
 
All EPA Reference Method 23 testing was conducted using a modified particulate, flow and 
moisture sampling train.   A glass probes liner, nozzle, and Teflon fittings were used.  
According to the reference method, the impingers were loaded as follows:  Impinger 1 was 
empty, Impingers 2 and 3 – 100ml of DI, Impinger 4 – empty, and Impinger 5 – 
approximately 550 grams of silica gel. 
 
The filter holder was then placed into the hot box and the sample probe and nozzle was 
attached.  The hotbox and sample probe were heated to approximately 248 OF.   The 
condenser coil was cooled by circulating water from an ice bath and the prior to the start of 
each run, a leak check was performed from the end of the nozzle at a vacuum of 15 inches 
of mercury. 
 
The run was initiated and isokinetic sampling took place. The entire stack was traversed 
according to the sample points specified in EPA Reference Method 1.  11.25 minute 
readings were taken during the three (3) hour test run.  At the conclusion of the test, a post 
leak check was conducted at the highest vacuum obtained during the run.  All connecting 
glassware was sealed with hexane rinsed aluminum foil and the sample train was moved 
to the cleanup site where it was recovered in strict accordance with Method 23. 
 
4.10 Volatile Organic Compounds (VOC’s), Total Non-Methane Organic Compounds 
(TNMOC) – EPA Test Methods 25 

 
Method 25 was used to determine the concentration of total non-methane organic 
compounds (TNMOC) reported as carbon at the inlet and outlet to the flare (due to the 
high concentration of VOC’s expected). Sampling of the flare inlet and outlet consisted of 
three (3), one (1) hour test runs.  The gaseous samples were withdrawn from the sample 
locations at a constant rate through a heated filter and a chilled condensate trap via an 
evacuated sample tank. After sampling is completed, the TNMOC is determined by 
analyzing the sample tank fraction and condensate trap independently then combining the 
analytical results.  The organic content of the condensate trap fraction is determined by 
oxidizing the NMO to carbon dioxide and quantitatively collecting in the effluent in an 
evacuated vessel, and then a portion of the CO2 is reduced to CH4 and measured by an 
FID. The organic content of the sample tank fraction is measured by injecting a portion of 
the sample gas into a gas chromatographic column to separate the NMO from the carbon 
monoxide (CO), CO2 and CH4, the NMO are oxidized to CO2, reduced to CH4 and 
measured by FID. 
 
Supplementaly, Method 25A was also used for the measurement of total gaseous organic 
concentrations using flame ionization detection (FID) and gas chromatography (GC), at the 
outlet location, however the concentrations were well over the ranges of the calibration 
gases so this data was for informational purposes only.   
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4. REFERENCE METHOD TEST PROCEDURES (continued) 
 

 
4.11 Target VOC’s – Method TO-15/EPA Method 18 

 
Method TO-15 was used to measure subsets of volatile organic compounds (VOC’s) that 
are also hazardous air pollutants (HAP’s).  Sampling of the flare inlet and outlet consisted 
of three (3), one (1) hour test runs.  The following is a summary of the procedure used for 
sampling. The samples were drawn into a specially-prepared evacuated stainless steel 
canister (SUMMA).  The sample is drawn through a sampling train comprised of 
components that regulate the rate and duration of sampling into the pre-evacuated 
canister.  After the air sample is collected, the canister valve was closed, an identification 
tag was attached to the canister, and the canister was transported to Triangle 
Environmental Services for analysis.  Upon receipt at the laboratory, the canister tag data 
is recorded and the canister is stored until analysis. To analyze the sample, a known 
volume of sample is directed from the canister through a solid multisorbent concentrator. A 
portion of the water vapor in the sample breaks through the concentrator during sampling, 
to a degree depending on the multisorbent composition, duration of sampling, and other 
factors. After the concentration and drying steps are completed, the VOCs are thermally 
desorbed, entrained in a carrier gas stream, and then focused in a small volume by 
trapping on a reduced temperature trap or small volume multisorbent trap. The sample is 
then released by thermal desorption and carried onto a gas chromatographic column for 
separation.  At a minimum, analysis was performed for past pollutants (TO-14) including 
benzene, chloromethane, methelyne chloride, chloroform, toluene, and zylene.  Additional 
VOC’s (TO-15) included chlorobenzene, methyl ethyl ketone, 2-propanone, ethanol, vinyl 
chloride, propene and carbon disulfide. 
 
4.12 CEM Stratification Check 
 
Before any reference method test data is taken, a CEM stratification check was conducted 
to ensure that there is no stratification at the stack test location.  Stratification is defined as 
a difference in excess of 10 percent between the average concentration of the stack and 
the concentration at any other point.  To ensure stratification did not exist, CEMServices 
conducted a 12-point CEM traverse using the points used in the flow traverse as specified 
in Method 1.  Each point was sampled for two (2) minutes.  Once the traverse was 
completed, each point was checked to see if it is within 10 percent of the average of all the 
points.   

 
 

TABLE 4-3 STRATIFICATION CHECK TRAVERSE POINT LOCATIONS – FLARE OUTLET 
 

Traverse Point Distance 
(% Diameter) 

Distance from Wall 
 (inches) 

1 4.4 3.0 
2 14.6 9.9 
3 29.6 20.0 
4 70.4 47.5 
5 85.4 57.6 
6 95.6 64.5 
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5.  REFERENCE METHOD TEST EQUIPMENT 
 

5.1 Mobile CEM Laboratory 
 
EPA Reference Methods 3A, 7E, 6C, and 10 described in Section 4 were conducted using 
the CEMServices mobile CEM laboratory.  This laboratory consists of all analyzers and 
support equipment used to conduct the CEM sampling during this test program.  The 
following is a description of each item that makes up the entire system: 
 
Sample Probe - A stainless steel probe was used for this test program.  The probe has a 
filter at the inlet to remove particulate matter.   
 
Particulate Filter - This in-stack filter is of a sintered stainless steel design.  

 
Heated Sample Line - The heated sample line is two hundred (200) feet long and 
transports the gas sample from the CEM probe to the moisture removal system.  This line 
is heat traced and maintained at a temperature of 250 OF.   

 
Sample Gas Analyzers - CEMServices used the following analyzers to complete this test 
program: 
 

TABLE 5-1 REFERENCE METHOD ANALYZERS 
 

GAS MANUFACTURER MODEL APPROXIMATE 
SPAN 

O2 California Analytical 100 0 – 22.7% 
CO2 California Analytical 100 0 – 19.85 % 
SO2 Western Research Series 921 0-94.5 PPM 
NOx Thermo Electron 42 0-94.87 PPM 
CO Thermo Electron 48 0-1944 PPM 

 
 

Data Recorder - All voltage outputs from the analyzers were sent to a Strawberry Tree 
Data Shuttle.  This shuttle logged data at two-second intervals.  Data from the shuttle was 
sent to a computer where a Strawberry Tree data acquisition program listed instantaneous 
concentration values for each parameter.  At the conclusion of each run, one-minute 
averages are printed out and a calibration is initiated through the program.  The calibration 
data is used to correct the raw averages for system bias and drift.     
 
 
5.2 Modified EPA Reference Method 5 Sampling Trains 

 
All modified EPA Reference Method 5 testing, described in Section 4 was conducted using 
several trains manufactured by Nutech.  During the test program testing for different 
constituents were conducted simultaneously.   Due to the sampling requirements of the 
individual test methods, each modified Reference Method 5 train was slightly different to 
conform to the specific method requirements.  Although there were slight differences to the 
sample filters and impinger contents, all trains consisted of the following basic 
components: 
 
Meter Boxes - The meter boxes used in this program were the Nutech Model 2010 - 
Isokinetic Stack Samplers.  These boxes consist of a leak-free sample pump, a dry gas 
meter, a vacuum gauge, and a temperature readout.  Thermocouples are mounted on the 
inlet and outlet of the dry gas meter to provide meter temperatures during testing. 

15 



L&RR Landfill Enclosed Flare  
Five Year Compliance Test Program                                                                         December, 2014 

5. REFERENCE METHOD TEST EQUIPTMENT (continued) 
 

Umbilicals - The umbilicals used in this program consisted of a sample line, pitot lines, 
and thermocouple lines.  These lines transported sample from the impingers to the meter 
box, indicate pressure difference at the pitots to the meter box, and carry temperature 
signals from the stack to the temperature readout in the meter box. 

 
Condenser System - This system consisted of glass or Teflon impingers placed in series 
and in an ice bath.  The number of impingers, impinger content, and impinger type varied 
depending on which test method was being performed. 
 
Probe - The probe assembly consisted of a set of "S" type pitots, a stack                    
thermocouple, and a stainless steel sheath with a heated stainless steel liner.   
 
Particulate Filter - This in-stack filter is a Labyrinth Systems 5 micron sintered stainless 
steel design.    

 
5.3 Calibration Gases 
 
All calibration gases used in this test program were prepared according to EPA Protocol 
G1/G2.  As per EPA Reference Method 7E for all O2, CO2, CO, SO2, and NOx testing, the 
high level calibration gas was the span of the analyzer. All mid calibration gas values were 
between 40-60 % of the span of the analyzer (or value of the high level gas), and all low 
calibration gas values were between 0-20 % of the span of the analyzer (or value of the 
high level gas). The zero calibrations for all analyzers were conducted using UHP grade 
Nitrogen (N2).  As per Method 25A for VOC testing all low range methane gases were 
between 25-35% of span, all mid-range methane gases were between 45-55% of span, 
and all high range methane gases were between 80-90% of span.   The zero calibrations 
for all analyzers were conducted using pre-purified grade Nitrogen.  Purified hydrogen and 
air was used to fuel the FID. 

 
Table 5-2 lists the gases used in this test program: 

 
TABLE 5-2 REFERENCE METHOD EPA CALIBRATION GASES 

  

Approximate Span Allowable Values 
(based on Approximate Span) Gas Level Gas 

Value 
Cylinder 
Number 

Cylinder 
Expiration 

O2 
0-22.7 % 

22.7 
9.1-13.6 
0 – 4.5 

High 
Mid 
Low 

22.7 
11.34 

- 

CC18310 
EB0056130 
CC19897 

05/29/2021 
05/29/2022 

- 

CO2 
0-19.85 % 

19.85 
7.9 – 11.9 

0 – 4.0 

High 
Mid 
Low 

19.85 
9.86 

- 

CC18310 
EB0056130 
CC19897 

05/29/2021 
05/29/2022 

- 

NOx 
0-94.87 PPM 

94.87 
37.9 – 56.9 

0 – 19.0 

High 
Mid 
Low 

94.87 
53.1 

- 

CC20172 
CC113905 
CC19897 

04/02/2022 
05/03/2017 

- 

SO2 
0-94.5 PPM 

94.5 
37.8 – 56.7 

0 – 18.9 

High 
Mid 
Low 

94.5 
48.6 

- 

CC20172 
CC113905 
CC19897 

04/02/2022 
05/03/2017 

- 

CO 
0-1944 PPM 

1944 
777.6 – 1166.4 

0 – 388.8 

High 
Mid 
Low 

1944 
1006 

- 

CC143547 
CC110180 
CC19897 

02/03/2020 
02/03/2020 

- 
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6. QUALITY CONTROL PROCEDURES 
 

6.1 General 
 

Throughout all phases of this test program strict attention was given to all testing to provide 
the highest quality of results possible. 
 
All of CEMServices test equipment is of the highest quality available and undergoes 
routine maintenance to ensure top operating condition.  This includes instruments, sample 
conditioners, sample lines, and probes. 
 
Sampling was conducted by trained personnel with extensive experience in source 
sampling.  All sampling and analysis were conducted in strict accordance with EPA test 
procedures (where available). The quality control procedures found in the EPA Quality 
Assurance Handbook for Air Pollution Measurement Systems were adhered to as well. 
 
Analyzer calibrations were performed at the beginning of each test day.  System 
calibrations were performed before and after each test run through the entire sampling 
system. 
 
All calculations were conducted in strict accordance with the equations found in the 
individual EPA Reference Methods. Calculations were conducted on a computer and the 
input data was checked by a person other than the original calculator to ensure that it is 
correct. The entire staff of CEMServices is thoroughly familiar with all test methods used in 
this program and has extensive experience in source emission monitoring. 
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LRR Landfill Enclosed Flare

Five Year Compliance Test Program

TO-15 VOC SUMMAY OF DESTRUCTION EFFICIENCIES

TABLE 1
Page 1 of 4

TEST RUN 1

RUN 1 27104 SCFH IN 322866 SCFH OUT

COMPOUND
INLET

ug/m³

OUTLET

ug/m³

Conc. DE

%
INLET

lb/hr

OUTLET

lb/hr
Load DE %

Dichlorodifluoromethane (FREON 12) 593 17.8 97 0.0010 0.0004 64

1,2-Dichlorotetrafluoroethane 846 22.0 97 0.0014 0.0004 69

Chloromethane 129 15.7 88 0.0002 0.0003 -45

Vinyl Chloride 2240 45.1 98 0.0038 0.0009 76

Chloroethane 314 14.2 95 0.0005 0.0003 46

1,3-Butadiene ND 52.8 0.0011

Acetone (2-Propanone) 16000 6493 59 0.0270 0.1307 -383

Methyl Ethyl Ketone (2-Butanone) 12667 167 99 0.0214 0.0034 84

cis-1,2-Dichloroethylene 2190 35.4 98 0.0037 0.0007 81

Chloroform ND 17.3 0.0003

1,1-Dichloroethane 717 14.6 98 0.0012 0.0003 76

Trichloroethylene 374 29 92 0.0006 0.0006 8

Tetrachloroethylene 632 24.4 96 0.0011 0.0005 54

Benzene 7840 329 96 0.0133 0.0066 50

Toluene 136200 5900 96 0.2302 0.1188 48

Ethylbenzene 34767 380 99 0.0588 0.0077 87

p+m-Xylene 60233 466 99 0.1018 0.0094 91

o-Xylene 14900 114 99 0.0252 0.0023 91

Styrene 441 22.2 95 0.0007 0.0004 40

4-ethyltoluene ND ND

1,3,5-Trimethylbenzene 2580 44.2 98 0.0044 0.0009 80

1,2,4-Trimethylbenzene 4910 44.2 99 0.0083 0.0009 89

Chlorobenzene 1210 24.5 98 0.0020 0.0005 76

1,4-Dichlorobenzene 1080 43.3 96 0.0018 0.0009 52

Hexane 8830 188 98 0.0149 0.0038 75

Heptane 4980 59.3 99 0.0084 0.0012 86

Cyclohexane 3610 49.6 99 0.0061 0.0010 84

Total Xylenes 72300 580 99 0.1222 0.0117 90

Propene 8160 749 91 0.0138 0.0151 -9

2,2,4-Trimethylpentane 490 16.8 97 0.0008 0.0003 59

Note – A complete list of all TO-15 VOC results is presented in

Appendix E of Test Report. The compounds shown above are

compounds above the detection limit. If an inlet value was above the

detection limit and the outlet value was below, the detection limit value

was used to calculate the destruction efficiency (DE). The TO-15 train

consisted of a mini impinger with 20 ml of water before the canister to

knock out any moisture. The values in the above table are the addition

of the concentrations found in gas and impinger water (if above

detection limit).



LRR Landfill Enclosed Flare

Five Year Compliance Test Program

TO-15 VOC SUMMAY OF DESTRUCTION EFFICIENCIES

TABLE 1
Page 2 of 4

COMPOUND

Dichlorodifluoromethane (FREON 12)

1,2-Dichlorotetrafluoroethane

Chloromethane

Vinyl Chloride

Chloroethane

1,3-Butadiene

Acetone (2-Propanone)

Methyl Ethyl Ketone (2-Butanone)

cis-1,2-Dichloroethylene

Chloroform

1,1-Dichloroethane

Trichloroethylene

Tetrachloroethylene

Benzene

Toluene

Ethylbenzene

p+m-Xylene

o-Xylene

Styrene

4-ethyltoluene

1,3,5-Trimethylbenzene

1,2,4-Trimethylbenzene

Chlorobenzene

1,4-Dichlorobenzene

Hexane

Heptane

Cyclohexane

Total Xylenes

Propene

2,2,4-Trimethylpentane

TEST RUN 2

RUN 2 27108 SCFH IN 322883 SCFH OUT
INLET

ug/m³

OUTLET

ug/m³

Conc. DE

%
INLET

lb/hr

OUTLET

lb/hr
Load DE %

595 18.8 97 0.0010 0.0004 62

850 22.9 97 0.0014 0.0005 68

ND 12.7 0.0003

2280 51.3 98 0.0039 0.0010 73

295 15 95 0.0005 0.0003 39

ND 44.7 0.0009

12000 817 93 0.0203 0.0165 19

ND ND

2120 39 98 0.0036 0.0008 78

ND 19.2 0.0004

772 15.4 93 0.0013 0.0003 76

422 30.6 93 0.0007 0.0006 14

622 25.8 96 0.0011 0.0005 51

7450 361 95 0.0126 0.0073 42

105267 5360 95 0.1780 0.1079 39

33593 257 99 0.0568 0.0052 91

58433 466 99 0.0988 0.0094 91

14900 284 98 0.0252 0.0057 77

405 17.3 96 0.0007 0.0003 49

1980 205 90 0.0033 0.0041 -23

2530 46.7 98 0.0043 0.0009 78

4820 46.7 99 0.0081 0.0009 88

1220 27.8 98 0.0021 0.0006 73

1060 45.7 96 0.0018 0.0009 49

7140 233 97 0.0121 0.0047 61

4680 60.9 99 0.0079 0.0012 85

3410 46.4 99 0.0058 0.0009 84

70800 360 99 0.1197 0.0072 94

7760 759 90 0.0131 0.0153 -17

366 17.8 95 0.0006 0.0004 42

Note – A complete list of all TO-15 VOC results is presented in

Appendix E of Test Report. The compounds shown above are

compounds above the detection limit. If an inlet value was above the

detection limit and the outlet value was below, the detection limit value

was used to calculate the destruction efficiency (DE). The TO-15 train

consisted of a mini impinger with 20 ml of water before the canister to

knock out any moisture. The values in the above table are the addition

of the concentrations found in gas and impinger water (if above

detection limit).



LRR Landfill Enclosed Flare

Five Year Compliance Test Program

TO-15 VOC SUMMAY OF DESTRUCTION EFFICIENCIES

TABLE 1
Page 3 of 4

COMPOUND

Dichlorodifluoromethane (FREON 12)

1,2-Dichlorotetrafluoroethane

Chloromethane

Vinyl Chloride

Chloroethane

1,3-Butadiene

Acetone (2-Propanone)

Methyl Ethyl Ketone (2-Butanone)

cis-1,2-Dichloroethylene

Chloroform

1,1-Dichloroethane

Trichloroethylene

Tetrachloroethylene

Benzene

Toluene

Ethylbenzene

p+m-Xylene

o-Xylene

Styrene

4-ethyltoluene

1,3,5-Trimethylbenzene

1,2,4-Trimethylbenzene

Chlorobenzene

1,4-Dichlorobenzene

Hexane

Heptane

Cyclohexane

Total Xylenes

Propene

2,2,4-Trimethylpentane

TEST RUN 3

RUN 3 27223 SCFH IN 322885 SCFH OUT
INLET

ug/m³

OUTLET

ug/m³

Conc. DE

%
INLET

lb/hr

OUTLET

lb/hr
Load DE %

683 17.0 98 0.0012 0.0003 70

975 24.2 98 0.0017 0.0005 71

ND 8.52 0.0002

2730 60.7 98 0.0046 0.0012 74

351 1.2 100 0.0006 0.0000 96

ND 38.8 0.0008

12667 103 99 0.0215 0.0021 90

ND ND

2670 52.8 98 0.0045 0.0011 77

ND ND

933 0.809 100 0.0016 0.0000 99

476 10.9 98 0.0008 0.0002 73

748 20.1 97 0.0013 0.0004 68

8940 523 94 0.0152 0.0105 31

136000 2124 98 0.2309 0.0428 81

42500 388 99 0.0722 0.0078 89

73833 398 99 0.1253 0.0080 94

18177 101 99 0.0309 0.0020 93

514 36.6 93 0.0009 0.0007 16

2540 10.8 100 0.0043 0.0002 95

3200 5.53 100 0.0054 0.0001 98

6260 3.42 100 0.0106 0.0001 99

1590 46.9 97 0.0027 0.0009 65

1430 63.4 96 0.0024 0.0013 47

9180 116 99 0.0156 0.0023 85

5710 77.4 99 0.0097 0.0016 84

4150 51.3 99 0.0070 0.0010 85

89600 485 99 0.1521 0.0098 94

9300 1110 88 0.0158 0.0224 -42

480 6.89 99 0.0008 0.0001 83

Note – A complete list of all TO-15 VOC results is presented in

Appendix E of Test Report. The compounds shown above are

compounds above the detection limit. If an inlet value was above the

detection limit and the outlet value was below, the detection limit value

was used to calculate the destruction efficiency (DE). The TO-15 train

consisted of a mini impinger with 20 ml of water before the canister to

knock out any moisture. The values in the above table are the addition

of the concentrations found in gas and impinger water (if above

detection limit).



LRR Landfill Enclosed Flare

Five Year Compliance Test Program

TO-15 VOC SUMMAY OF DESTRUCTION EFFICIENCIES

TABLE 1
Page 4 of 4

COMPOUND

Dichlorodifluoromethane (FREON 12)

1,2-Dichlorotetrafluoroethane

Chloromethane

Vinyl Chloride

Chloroethane

1,3-Butadiene

Acetone (2-Propanone)

Methyl Ethyl Ketone (2-Butanone)

cis-1,2-Dichloroethylene

Chloroform

1,1-Dichloroethane

Trichloroethylene

Tetrachloroethylene

Benzene

Toluene

Ethylbenzene

p+m-Xylene

o-Xylene

Styrene

4-ethyltoluene

1,3,5-Trimethylbenzene

1,2,4-Trimethylbenzene

Chlorobenzene

1,4-Dichlorobenzene

Hexane

Heptane

Cyclohexane

Total Xylenes

Propene

2,2,4-Trimethylpentane

AVERAGE DESTRUCTION EFFICIENCY

Concentration Basis ug/m³ Load Basis lb / hr
INLET

AVERAGE

OUTLET

AVERAGE DE %
INLET

AVERAGE

OUTLET

AVERAGE DE %

624 18 97 0.0011 0.0004 66

890 23 97 0.0015 0.0005 69

129 12 90 0.0002 0.0002 -14

2417 52 98 0.0041 0.0011 74

320 10 97 0.0005 0.0002 62

45 0.0009

13556 2471 82 0.0229 0.0498 -117

12667 167 99 0.0214 0.0034 84

2327 42 98 0.0039 0.0009 78

18 0.0004

807 10 99 0.0014 0.0002 85

424 24 94 0.0007 0.0005 34

667 23 96 0.0011 0.0005 58

8077 404 95 0.0137 0.0081 40

125822 4461 96 0.2130 0.0898 58

36953 342 99 0.0626 0.0069 89

64166 443 99 0.1086 0.0089 92

15992 166 99 0.0271 0.0033 88

453 25 94 0.0008 0.0005 33

2260 108 95 0.0038 0.0022 43

2770 32 99 0.0047 0.0006 86

5330 31 99 0.0090 0.0006 93

1340 33 98 0.0023 0.0007 71

1190 51 96 0.0020 0.0010 49

8383 179 98 0.0142 0.0036 75

5123 66 99 0.0087 0.0013 85

3723 49 99 0.0063 0.0010 84

77567 475 99 0.1313 0.0096 93

8407 873 90 0.0142 0.0176 -23

445 14 97 0.0008 0.0003 63



LRR Landfill Enclosed Flare

Five Year Compliance Test Program

L&RR Landfill Gas Flare - Comparison of 2014 Stack Test Data to Rhode Island Air Pollution Control Regulation No. 22

TABLE 2 - Emission Rates, ug/m3

Run 1 Run 2 Run 3 Average 1-hr 24-hr Annual

1,2-Dichlorotetrafluoroethane 76-14-2 22 23 24 23 23.0 13.8 2.3

Chloroethane 75-00-3 14 15 1 10 10.1 6.1 1.0

1,3-Butadiene 106-99-0 53 45 39 45 45.4 27.3 4.5

cis-1,2-Dichloroethylene 156-59-2 35 39 53 42 42.4 25.4 4.2

Chloroform 67-66-3 17 19 ND 18 18.3 11.0 1.8

1,1-Dichloroethane 75-34-3 15 54 1 23 23.1 13.9 2.3

Trichloroethylene 79-01-6 29 31 11 24 23.5 14.1 2.4

Tetrachloroethylene 127-18-4 24 26 20 23 23.4 14.1 2.3

Ethylbenzene 100-41-4 380 257 388 342 341.7 205.0 34.2

Styrene 100-42-5 22 17 37 25 25.4 15.2 2.5

4-Ethyltoluene 622-96-8 ND 205 11 108 107.9 64.7 10.8

1,3,5-Trimethylbenzene 108-67-8 44 47 6 32 32.1 19.3 3.2

1,2,4-Trimethylbenzene 95-63-6 44 47 3 31 31.4 18.9 3.1

1,4-Dichlorobenzene 106-46-7 43 46 63 51 50.8 30.5 5.1

Hexane 110-54-3 188 233 116 179 179.0 107.4 17.9

Heptane 142-82-5 59 61 77 66 65.9 39.5 6.6

2,2,4-Trimethylpentane 540-84-1 17 18 7 14 13.8 8.3 1.4

Acetone (2-propanone) 67-64-1 6493 817 103 2471 2471.0 1482.6 247.1

Benzene 71-43-2 329 361 523 404 404.3 242.6 40.4

Chlorobenzene 108-90-7 25 28 47 33 33.1 19.8 3.3

Chloromethane (methyl chloride) 74-87-3 16 13 9 12 12.3 7.4 1.2

Dichlorodifluoromethane (Freon 12) 75-71-8 18 19 17 18 17.9 10.7 1.8

Hydrochloric Acid 7647-01-0 746 716 895 785 785.4 471.2 78.5

PCDD/PCDF as 2,3,7,8-TCDD (TEQ) -- 4.00E-06 4.00E-06 9.00E-06 5.67E-06 5.67E-06 3.40E-06 5.67E-07

Dioxin-like PCBs as 2,3,7,8-TCDD (TEQ) -- 2.07E-06 4.78E-06 4.24E-06 3.70E-06 3.70E-06 2.22E-06 3.70E-07

Propene (propylene) 115-07-1 749 759 1110 873 872.67 523.60 87.27

Toluene 108-88-3 5900 5360 2124 4461 4461.3 2676.8 446.1

Vinyl Chloride 75-01-4 45 51 61 52 52.4 31.4 5.2

Xylene 1330-20-7 580 360 485 475 475.0 285.0 47.5

Scaling Factor
(Guidelines for Stationary Sources Section 7.1)

1-hr 1

24-hr 0.6

Annual 0.1

RIDEM Air Toxics Detected in Stack Exhaust
Only detected pollutants are included in this list.

CASNO
Emission rate, ug/m3 Scaled Emission rate, ug/m3



LRR Landfill Enclosed Flare

Five Year Compliance Test Program

L&RR Landfill Gas Flare - Comparison of 2014 Stack Test Data to Rhode Island Air Pollution Control Regulation No. 22

TABLE 3 - Emission Rates, ug/m3 vs. Acceptable Ambient Levels (AALs)

1-hr 24-hr Annual 1-hr 24-hr Annual

1,2-Dichlorotetrafluoroethane 76-14-2 None None None No

Chloroethane 75-00-3 40000 10000 None No

1,3-Butadiene 106-99-0 None None 0.03 Yes, check adjusted AAL None None 0.13 Yes

cis-1,2-Dichloroethylene 156-59-2 3000 1000 None No

Chloroform 67-66-3 100 None 0.2 Yes, check adjusted AAL 100 None 0.84 Yes

1,1-Dichloroethane (ethylene dichloride) 75-34-3 None None 0.6 Yes, check adjusted AAL None None 2.53 No

Trichloroethylene 79-01-6 10000 500 0.5 Yes, check adjusted AAL 10000 1500 2.11 Yes

Tetrachloroethylene 127-18-4 1000 None 0.2 Yes, check adjusted AAL 1000 None 0.84 Yes

Ethylbenzene 100-41-4 40000 3000 1000 No

Styrene 100-42-5 9000 1000 100 No

4-Ethyltoluene 622-96-8 None None None No

1,3,5-Trimethylbenzene 108-67-8 None None None No

1,2,4-Trimethylbenzene 95-63-6 None None None No

1,4-Dichlorobenzene 106-46-7 12000 800 0.09 Yes, check adjusted AAL 12000 2400 0.38 Yes

Hexane 110-54-3 None None 700 No

Heptane 142-82-5 None None None No

2,2,4-Trimethylpentane 540-84-1 None None 3000 No

Acetone (2-propanone) 67-64-1 60,000 30,000 None No

Benzene 71-43-2 30 20 0.1 Yes, check adjusted AAL 30 60 0.4 Yes

Chlorobenzene 108-90-7 None None 1,000 No

Chloromethane (methyl chloride) 74-87-3 1,000 400 90 No

Dichlorodifluoromethane (Freon 12) 75-71-8 None None None No

Hydrochloric Acid 7647-01-0 2,000 None 9 Yes, check adjusted AAL 2,000 None 37.9 Yes

PCDD/PCDF as 2,3,7,8-TCDD (TEQ) -- None None 3.E-09 Yes, check adjusted AAL None None 1.E-08 Yes

Dioxin-like PCBs as 2,3,7,8-TCDD (TEQ) -- None None 3.E-09 Yes, check adjusted AAL None None 1.E-08 Yes

Propene (propylene) 115-07-1 None None 3,000 No

Toluene 108-88-3 4,000 None 300 Yes, check adjusted AAL 4,000 None 1,263 Yes

Vinyl Chloride 75-01-4 1,000 100 0.2 Yes, check adjusted AAL 1,000 None 0.84 Yes

Xylene 1330-20-7 9,000 3,000 100 No

Scaled Emission >

Adjusted AAL?
RIDEM Air Toxics Detected in Stack Exhaust

Only detected pollutants are included in this list.
CASNO

If permitting is required, a permit cannot be issued unless all pollutants meet the APCR 22 AALs. Pollutants that meet the AAL at the stack would be expected to meet the AAL at the property line. For other pollutants, modeling would be required.

APCR 22.3.3(a): "Except as specified in Subsection 22.3.4, no permit to construct, install or modify will be issued for a stationary source subject to this regulation unless it can be demonstrated, in accordance with the procedures outlined in the Rhode Island Guideline for Air Quality Modeling for Air Toxics Sources, that (a) The emissions of any listed

toxic air contaminant from the proposed facility shall not cause an impact, at or beyond the property line of the facility, which exceeds the Acceptable Ambient Levels for that contaminant specified in Table I."

AAL, ug/m3

Table I of APCR 22 (2008 version) Scaled Emission > AAL?

Adjusted AAL, ug/m3

Rhode Island Modeling Guidelines for Stationary Sources, Section 5.9, adjusted for 40 hr/wk

exposure



LRR Landfill Enclosed Flare

Five Year Compliance Test Program

L&RR Landfill Gas Flare - Comparison of 2014 Stack Test Data to Rhode Island Air Pollution Control Regulation No. 22

TABLE 4 - Predicted Impact With 2005 Modeling

CASNO

lb/hr
(ug/m³ x flow dscfm x 0.027 m³ /

cf x 60 min/hr ÷ 1000000 ug/g

÷ 454g/lb)

g/s

(lb/hr x 454 g/lb x

hr/3600s) 1-hr 24-hr Annual 1-hr 24-hr Annual

1,3-Butadiene 106-99-0 8.72E-04 1.10E-04 1.45E-03 8.73E-04 1.45E-04 None None 0.03 No

Chloroform* 67-66-3 3.50E-04 4.42E-05 5.84E-04 3.51E-04 5.84E-05 100 None 0.2 No

Trichloroethylene* 79-01-6 4.51E-04 5.69E-05 7.53E-04 4.52E-04 7.53E-05 10000 500 0.5 No

Tetrachloroethylene* 127-18-4 4.50E-04 5.67E-05 7.50E-04 4.50E-04 7.50E-05 1000 None 0.2 No

1,4-Dichlorobenzene 106-46-7 9.75E-04 1.23E-04 1.63E-03 9.76E-04 1.63E-04 12000 800 0.09 No

Benzene* 71-43-2 7.76E-03 9.79E-04 1.29E-02 7.77E-03 1.29E-03 30 20 0.1 No

Hydrochloric Acid 7647-01-0 1.67E-02 2.10E-03 2.78E-02 1.67E-02 2.78E-03 2,000 None 9 No

PCDD/PCDF as 2,3,7,8-TCDD (TEQ) -- 8.87E-11 1.12E-11 1.48E-10 8.88E-11 1.48E-11 None None 3.E-09 No

Dioxin-like PCBs as 2,3,7,8-TCDD (TEQ) -- 7.10E-11 8.95E-12 1.18E-10 7.10E-11 1.18E-11 None None 3.E-09 No

Toluene* 108-88-3 8.57E-02 1.08E-02 1.43E-01 8.57E-02 1.43E-02 4,000 None 300 No

Vinyl Chloride 75-01-4 1.01E-03 1.27E-04 1.68E-03 1.01E-03 1.68E-04 1,000 100 0.2 No

2005 SCREEN3 modeling results (for perc)

emission rate (g/s) 2.00E-04

maximum predicted concentration (ug/m3) 2.65E-03

unit impact (ug/m3 per g/s) 13.2

Predicted Impact

> AAL?

RIDEM Air Toxics Detected in Stack Exhaust

that Potentially Exceed APCR 22 AALs

(* indicates Contaminants of Concern)

Average Emission Rate

Predicted Impact, ug/m3

emissions, g/s x 2005 unit impact, ug/m 3 per g/s x scaling factor

AALs, ug/m3

APCR 22 Table 1
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